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quite hopelessly complex, particularly in view of its plethora of 
asymmetric centres....’ (R. B. Woodward in ‘Perspectives in 
Organic Chemistry,’ Ed. Sir A. R. Todd, 1956, p. 160). Twentyfive 
years after making this dismal prognosis. Woodward himself, in 
1981, annihilated erythromycin in a massive, ingenious assault 
(vide infra). 



Bleomycin-A2 (D 
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Some of the outstanding achievements of the past few years 
leading to the total synthesis of dodecahedrane (J), 8 vitamin-B 12 
<?), 8 bleomycin-Aj (3), 5 verrucarin-A and compactin (5) 7 bear 
ample testimony to the state-of-the-art. Many more impressive 
accomplishments of total synthesis are described in this sequel later 
on. 




Compactin(5) Verrucarin A £&) 

There are many motivations for undertaking a synthetic venture. 
These range from the mere intellectual challenge of assembling a 
complex array (eg., 2, 3j or an aesthetically pleasing framework 
(eg , 1) to the development of practical approaches to the syntheses of 
drugs, polymers, pesticides and the like, which may lack molecular 
complexity but are of every day use and benefit to mankind. At 
times, a synthetic exercise is also undertaken either to arrive at or 
for providing unambiguous proof for the structures of natural pro¬ 
ducts. The elucidation of the complete stereostructure of palytoxin. 
(6) by Kishi, Uemura and Hirata is a brilliant demonstration of this 
facet of synthetic activity. 8 

It can be seen from the foregoing description that present day 
synthetic activity covers a vast arena. This account, therefore, 
attempts to focus attention on molecules, methodologies and re¬ 
agents that occupy the centre stage in organic synthesis to-day and 
have a promising tomorrow. In the first part, this article presents a 
bird’s eye view of broad areas and individual compounds that have 
attracted extensive contemporary interest from synthetic chemists. 
The second part presents some of the new synthetic strategies which 
are currently in vogue and have been specifically developed to meet 
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these challenges. Both the parts have been spiced with some stimu¬ 
lating examples from the literature of the past 3-5 years and the 
coverage is upto October 1983! Due to the constraints of space, we 
had to be choosy and have made a conscious effort to illustrate our 
article with themes that appealed to us most for their originality and 
future applications. There could be some notable omissions in our 
account for which we take full responsibility. After all, this article 
is meant to reflect the authors’ perspective! 



Palytoxin (6) 


2. The Present Scene 

The wide variety of reactions and methodologies available to the 
synthetic organic chemist today enable him to take on more and 
more complex molecules as targets for synthesis. Simultaneously, 
attention is also being paid to molecules, which though not very 
complex, are important as models for areas of contemporary interest 
such as energy storage, enzymatic reactions, superconducting 
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materials and the like. A third area of interest is concerned with the 
development of new synthetic reagents capable of effecting reactions 
with a high degree of stereo-, regio-, and chemo-selectivity. An 
overview of the current trends in each of the areas mentioned above 
is presented in the subsequent paragraphs. 

/. Total Synthesis of Natural Products 

In the evolution of organic synthesis over the years, certain 
classes of compounds have been in the lime-light at each stage of its 
progress. For example, the premier position occupied by the steroids 
in the forties and fifties yielded place to the complex terpenoids and 
alkaloids which were, in turn, displaced by the prostanoids. Today, 
the emphasis is primarily on tonophore antibiotics, macrolides and 
related compounds, polycyclopentanoids, anthracyclines and eico- 
sanoids. The reasons for their popularity as synthetic targets, the 
structural and stereochemical complexities involved in their 
synthesis and the approaches developed to tackle such difficulties are 
briefly highlighted below. 


Ionophore Antibiotics 

For many years, the mechanism of ion transport across bio¬ 
logical membranes was a little understood phenomenon. In the sixties, 
crown ethers were synthesized and it was shown that these had the 
ability to encapsulate sodium, potassium and calcium ions which are 
of biological interest. 9 About the same time, some antibiotics were 
isolated from various microbial sources and were found to bind 



Monensin (2)^ 


Lasalocid-A 
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metal ions in a manner similar to crown ethers, thus suggesting a 
role for these compounds in the transport of metal ions in biological 
systems. The more prominent of the ionophore antibiotics are 
monensin Q, 10 Iasalocid-A X-14547-A (9)“ and A-23187 
<lO)i* among others. Apart from their intriguing structures, these 
antibiotics possess interesting biological properties. Monensin 0 is 
active in the transport of sodium ions and finds use as an anti¬ 
bacterial and antifungal agent in veterinary medicine. A-23187 00) 
is involved in calcium ion transport and as the calcium ions play an 
ubiquitous role in biological systems, the importance of A-231870 0 ) 
can hardly be overlooked. Lasalocid-A (§) and X-14S47-A 0 are 
capable of complexmg and transporting both monovalent and 
divalent cations, thereby displaying dual selectivity. 



A look at the structures of these four typical ionophore an ti- 
biotics 1-10 immediately gives an idea of their complexity. An 
important feature present in these antibiotics is the relatively large 
number of asymmetric centres located along the carbon chain at 
non-ring positions. The combination of this unique structural 
feature and the high degree of functionality present in them together 
with their interesting biological properties have made them popular 
and challenging synthetic targets. 

The difficulties involved in the total syntheses of this 
are obvious. Monensin, for example, has 17 asymmetric centres and 
is one of 131, 072 possible stereoisomers! It becomes almost obli¬ 
gatory, therefore, to ensure a very high degree of stereochemical 
•control at every chiral centre during the execution of the synthesis. 
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As pointed oat earlier, many of the chiral centres are at acyclic 
positions and hence the stereochemical control has to be exercised 
through acyclic stereoselection Inherently, this process is more 
difficult than cyclic stereoselection, where the rigidity of the nng 
system and conformational preferences exert a greater influence. In 
addition, remote control of stereochemistry is also required due to 
presence of some isolated chiral centres. Finally, the conformations 
of the various tetrahydropyran and tetrahydrofuran rings are to be 
reckoned with as well. In the ultimate analysis, such molecular 
structures are formidable targets indeed. 

A number of ingenious methods have been developed to tackle 
the difficulties enumerated above. Acyclic stereoselection via aldol 
condensation using lithium 14 and boron 15 enolates has enablea the 
achievement of a very high degree of stereocontrol (vide infra). 
Judicious use of different chiral synthons, especially those derived 
from carbohydrates, has been useful in setting up the correct 


Scheme 1 
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stereochemistry m lasalocid-A 0 le and X-14547-A (9) 17 . A bicyclic 
template was employed to set up the requisite stereochemistry in 
A-23187 (lOJ.JSD Chelation controlled addition played an impr in t 
Tole in the total synthesis of monensin. (T) 1 ®* 

A few key steps from the syntheses of 8-10 are shown in Schemes 
1,2 and 3. In the Kishi synthesis 14 * of lasalocid-A (8) the 
11 is converted to 12 through a series of standard reactions and 
resolved. The optically active alcohol 12 is now cyclised infr amo le- 
cularly to the required bistetrahydrofuran derivative 13 and then 

Scheme 2 



CO|M« 
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rearranged to if, which constitutes the 'right hand fragment’ of 
The aromatic aldehyde 16 which is the ‘left hand fragment* is 
synthesized from dienone 15 and finally the two halves if and if 
are assembled via an aldol condensation, Scheme 1. 

For the synthesis of A-23187 (10), Evans employed (S)-p-hydr- 
oxyisobutync acid as the chiral starting material which was converted 
to iZ and 1§. Sequential alkylation of the N,N-dunethylhdrazone 19 
with iZ and 18 gave, after suitable manipulation, the aldehyde 20, 
which was condensed with the benzoxazole 21 to form 22. An aldol 
condensation and further transformations ultimately led to A-23187 
(10) . Scheme 2. 

Ley, 176 in his synthesis of X-14547-A (9), used a carbohydrate, 
laevoglncosan (23) as the chiral precursor and converted it to the 
allylic ester 24 which was subjected to the Ireland modification of 
the Claisen rearrangement to give 25. An intramolecular Diels-Alder 
reaction of 26 provided entry to hydrindane 27 which was resolved 
and converted to 28. Sulphone 28 W as then condensed with aldehyde 


Scheme \ 



25 * 28 


X- 14547-A <S) 17b 


25 via & Julia reaction to generate the required diene unit present in X- 
14547-A (9), Scheme 3. The fact that such complex structures could 
be synthesized is a tribute to the versatility of organic reactions. 1 *' 1 * 
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Finally f mention should be made of the attempts underway at the 
total synthesis of the marine toxin palytoxin The logistics in¬ 
volved in a synthetic effort of such a magnitude are too obvious to* 
be mentioned. 


Macrolides and Ansamydnr 

Closely related to the ionophore antibiotics in their complexity 
are the macrolide and ansamycin antibiotics. Macrolides are large 
ring lactones and usually carry a sugar residue. Typical examples, 
are methymycin (29)*° and the broad spectrum antibiotic erythro¬ 
mycin (30)” Ansamycins have an aliphatic bridge ‘linking non* 
adjacent positions of an aromatic ring. The best known examples- 



Methymycin (2g) 


20 


Erythromycin (30) 


21 , 


are the antitubercular agent rifamycm S (31),** which has a naphtha* 
lene nucleus, and the anticancer drug maytansine (32) . having a 
benzene moiety. 

Although the macrolide antibiotics are nearly three decades old 
and have been m clinical use for a long time, their formidable 
structural features precluded any attempts at their total syntheses 
until recently. Ansamycins are of comparatively recent vintage, but 
both nfamycin S (31), maytansine (32) and their congeners have 
gained considerable importance because of their extremely useful 
chemotherapeutic properties. In common with ionophore antibiotics, 
they are stereochemically very complex and endowed with novel 
structural elements. The methodology needed for their syntheses 
parallels that required for the syntheses of ionophore antibiotics; 
this is not unexpected, as the two classes of compounds abound in 
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•chiral centres strung along a fairly long aliphatic chain and control 
of stereochemistry becomes the critical feature m their syntheses. 
Another special aspect of macrolide synthesis is the formation of 




Rifamycm-S (33) Maytansine (2$ 

large ring lactones which is not a very feasible process entropically 
and considerable efforts were devoted to evolving methods to achieve 
this cyclisation under mild conditions and in good yield. 

Methymycin (29) was the first macrolide antibiotic to be synthe¬ 
sized. The Prelog-Djerassi lactone 34 was prepared by Masamune** 
from a deceptively simple looking cyclic precursor 33 to control the 
stereochemistry and lactomzation was effected using an activated 
ester approach ( 35->36 ), Methynolide (36) so obtained is readily 
convertible to methymycin (29). Scheme 4. Grieco* 8 reported the 
synthesis of methynolide (36) . also via the Prelog-Djerassi lactone 
(34) . The stereochemistry in this case was controlled through a 
rigid, stereochemically well defined, bicyclo (2.2.1) heptane inter¬ 
mediate 37, Scheme 5. 

Among the macrolide antibiotics, erythromycin (30) is important 
not only because of its broad spectrum antibiotic activity, but also 
because of its unique structure, containing a 14-membered lactone 
with 10 chiral centres and 2 sugar residues. The total synthesis of 
erythromycin 30 by Woodward 2 * made elegant use of the 1,8-dithia- 
decahn ring system 38, both as a template to exert the required 
stereochemical control and as a masked methyl group equivalent. 
The approach, published after the demise of the Grand Master, has 



12 


O. MEHTA AND M. NAOARAJAN 


Scheme 4 




Scheme 5 



2Z 


24 


all the elements and aura of a Woodwardian classic. Scheme 6. In 
another elegant approach, the symmetry element present in the 
molecule has been used to advantage by Stork 27 to synthesize the 
acyclic precursor 19 from a common cyclic intermediate (40), 
Scheme 7. 

Rifamycm S (31) is an important antitubercular agent and is 
used widely in India. Employing a sequence of nearly SO steps, 
Kishi“ has synthesized this compound, making liberal use of the 
recently developed asymmetric epoxidation of allylic alcohols 
(vide infra). As in the lonophore and macrohde antibiotics, rigorous 
stereochemical control is a must in each step in order to generate the 
bridging chiral chain. A second method of setting up the requisite 
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stereochemistry along the chain depends heavily upon the recent 
advances in diastereoselective aldol condensations (vide infra) *® 
Among the compounds mentioned in this section, maytansine 
(32) is the only one to be obtained from a plant source. 1 * Its paucity 
from natural sources and search for active analogs have stimulated 
efforts towards its synthesis. The presence of a cyclic urethane and 


Scheme 6 





Scheme 7 






27 


Erythronolide precursor (39V 
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a sen sitive epoxide have to be borne in mind when devising a suit* 
able synthesis of maytansine (32). Corey’s synthesis employs macro- 
Iac tamizatio n as the key step to form the large ring amide (43-*44); 
use of a carbohydrate precursor 41 to generate fragment 42 ensures 
the correct chirality as well. Scheme 8.** The second synthesis by 
Meyers consists of putting together the aromatic urethane 45, 
polyenic dibromide 46 and enantiomerically pure epoxide 47 and the 
critical lactamization was achieved in a novel way via a Wadsworth- 
Emmons type of a reaction (48-*49), Scheme 9.*° Once again, the 
power of organic synthesis is readily apparent in the design and 
execution of the syntheses of such complicated structures.**"* 1 


Scheme < 



Polycyclopentanoids 

Molecules with six*membered rings are almost ubiquitous in 
organic chemistry. Examples include benzenoid compounds and 
the various heterocycles as well as their saturated derivatives. 
Among natural products also, six-membered rings occur extensively, 
especially in steroids and to a lesser extent in terpenoids. On the 
other hand, five numbered rings are relatively rare and gained 
currency particularly after the discovery of prostaglandins. It is 
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only in the past ten years or so that many natural products contain¬ 
ing the polycyclopentanoid skeleton have been isolated. A few of 
them, like sarkomycin (50) and methylenomycin (51)** have only 
one cyclopentane ring, while many others consist of more than two 
or three cyclopentane moieties Typical examples include pentaleno- 
lactone (52),** quadrone (53), 84 coriolin (54).»* isocomene (55).»« 


Scheme 9 



modhephene (56).* 7 ikarugamycin (57). ** and laurenene (58).** 
The interest in cyclopentanoid chemistry today is not only due to 
the wealth of structural variety present (which is considerable as can 
be seen) but also because of the interesting biological properties 
some of them possess. Thus, quadrone (53) and coriolin (§1) exhibit 
significant tumor inhibiting properties and ikarugamycin (57) i S an 
antibiotic. 

In devising the syntheses of polycyclopentanoids, the most 
important point to be borne in mind is the relative lack of methods 
for generating a five membered ring when compared to a cyclohexane 
system. Two powerful and general methods for generating six. 



16 


G. MEHTA AND M NAGARAJAN 



S»rkomyein(Sfl^ Mgthyienomvcin(51) 




Pen taienolactone tjg P 3 



Isocomene (55) 


36 



Wodhephene.(5£) 37 Ikarugamycjn(5Z) 


38 


39 

Laurenene(58) 


membered rings like tbe Diels-Alder reaction and the Robinson 
annulation are not adaptable for cyclopentane synthesis. The earlier 
syntheses of polycyclopentanoids were therefore based on repetitive 
annnlation of a cyclopentane ring. The recent discoveries of many 
nutural products of the polycyclopentanoid type have resulted in the 
•development of some new general methods. Mention should be 
made here of the 1,3-diyl trapping reaction (5?-*6?), 10 meta-photo- 
cyclo-addition to arenes 0-*-®)* 1 and the photo-thermal metathesis 
xeaction (63-».64)« as some of the recent strategies which address 
themselves to the specific task of diverse polycyclopentanoid synthe¬ 
sis, Scheme 10. 


Anthracyclines 

Anthracyclines have been known for a long time and constitute 
an important class of pharmacologically active compounds. In the 
middle sixties, two anthracyclines, daunomycin (65)** and adriamycin 
■(66).** clinically known as daunorubicin and doxorubicin, respec¬ 
tively, were discovered and found to be active as broad spectrum 
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anticancer drags. In conjunction with 5-fluorouracil, methotrexate, 
■cij-platin and the like, these two compounds are widely employed in 
■cancer chemotherapy. It is therefore no surprise that a tremendous 
amount of work is going on, around the world, in not only synthe¬ 
sizing daunomycin (&) and adriamycin (6§), but also their analogues 
in the hope that more active and less toxic drugs can be obtained. 


Scheme 10 



Structurally, these molecules are not very complex and comprise 
a tetracyclic aglycone and a sugar. Both portions have been synthe¬ 
sized by such a wide variety of methods that it is impossible to 
■catalogue them here. The different strategies developed include a 
quinone reversed polarity approach (vide tnfrd), u Diels-Alder re¬ 
actions using a myriad combinations of dienes and dienophiles, and 
fairly standard methods of anthraquinone formation. 4 ' Significant 
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progress has also been made with analogues, especially the 4-dem e- 
thoxy derivative of 45, which has superior chemotherapeutic value. 
Other anthracyclines of considerably lesser interest which have also 
attracted the attention of synthetic chemists include aklavin (£7) 47 
carminomycin (£§) 48 and nogalamydn (49). 4 * 



43 

R a H Daunomycin (65) 


44 

?=OH Adnamycin(66) 




Aklavin (S7) 47 



Nogalamycm(§9) 


.49 


Of the many synthetic approaches to anthracyclines, only three 
are illustrated here. Cava’s synthesis 50 of 29 uses the Diels-Alder 
reaction between a quinizarin and methyl vinyl ketone as the key 
stq>. Scheme 11. A second approach, also based on a Diels-Alder 
reaction, is due to Rama Rao 51 wherein the B ring is generated last. 
Scheme 12. Finally Kishi has reported 55 an asymmetric synthesis of 
aklavinone (22) in which the necessary chiral bias is supplied by an 
optically active acetal 2? participating in a silicon reagent 29 induced 
cationic alkylation. Scheme 13. 
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Scheme il 




4-Demethoxydaunomycinone(7Q) 


Numerous other approaches to the anthracyclines are available 
and an exhaustive list is given by Kelly. 4 * 

II. Synthesis of Theoretically Interesting Systems 

Another facet of organic synthesis which has been of interest 
throughout the development of the subject is the preparation of 
molecules of theoretical importance and aesthetic appeal. Some of 
the molecules that attracted the organic chemists’ attention in the 
fifties and sixties were cubane, adamantane, bullvalene, cyclopro- 
penium and tropylium cations, cyclopentadienyl anion and various 
large ring annulenes. 58 As better and better synthetic methods 
developed, more and more difficult syntheses became possible. Thus, 
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in the past few years tetra-t-butyltetrahedrane (74) M [l.l.l]-pro- 
pellane (75). M pentaprismane ( 76 ) 88 [10,10]-betweenanene C 77 ) 87 [51 
peristylane (78), 88 superphane (TO) M kekulene (80)*° and trideca- 
helicene (8l) #1 have all succumbed to the onslaught. The culmina¬ 
tion, however, was the total synthesis of one of the platonic 
hydrocarbons, dodecahedrane (1) by Paquette 8 after a concerted 
and imaginative effort of nearly a decade. While such syntheses do 
not have any commercial or utility value, they illustrate very well 
the aesthetic appeal present in organic synthesis. 


Scheme 13 



(O-Aklavinone (2J) 
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III. ‘Engineering* via Organic Synthesis 

An important aspect of organic synthesis is the preparation of mole¬ 
cules which can be of specific use. Advantage of the synthetic power 
and versatility of organic chemistry is made use of to the full to 


r , 55 

|l 1iJ-PropeUane (75) 

“ J g / C 

tetra- t-butyltetrahedraneiZ£? PentapriSmane (ZS)’ 



{jO/ql-betweenaneneCjjf 7 [sj-peristylane (2S?* Superphane(2?) 5 ^ 




Kekutene(80) Tridecaheticene(81) 

‘design’ or ‘engineer’ compounds to meet certain specific require¬ 
ments. In this broad category, three mam areas have been in the 
forefront m the past few years namely enzyme mimics, organic 
metals and energy storage systems. A very important area which is 
not included here is that of drug design which finds extensive use in 
medicine and is of highly specialized interest. 
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Enzyme Mimics 

Scientists, and more so the organic-and biochemists have been 
fascinated for decades by the speed, efficiency and selectivity with 
which enzymes carry out various chemical transformations. As the 
understanding about the manner in which enzymes function increases, 
it becomes possible, at least in a crude way, to devise systems which 
can mimic the action of enzymes. These systems can be’of two types, 
either of natural origin or of artificial make. The former include the 
well known behaviour of the various cyclodextrins, which provide 
‘‘cavities’ within which different organic reactions occur.* 1 Purely 
synthetic analogs are of more recent vintage and are objects of our 
interest here. 

In the sixties and early seventies, crown ethers such as §2 and 
ciyptands like §3 were synthesized and these displayed the ability to 
complex uniquely with various metalions, depending upon the ionic 
size of the metal ion and size of the cavity of the ligand, thus consti¬ 
tuting what can be termed as a ‘lock and key’ 'relationship.*'* 1 Since 



Cavitand (84)®* 


Cavitand (85)^ 5 
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it is well known that the primary requirement for the efficient func¬ 
tioning of an enzyme is also the same, the attention of synthetic 
chemists was drawn to the task of synthesizing molecules which 
could behave more like an enzyme than the simple crown ethers, 
which exhibit only ion transport properties. Consequently, efforts 
are being made to duplicate enzymes by designing suitable molecules 
like cavitands and §5, 88 which have already shown promising 
enzyme like reactivity. 86 This is an area in which the versatility of 
modem synthetic chemistry is being fully exploited and day may not 
be far off when totally synthetic enzymes will be designed and manu¬ 
factured for designated purposes. This is clearly an area of future 
endeavours. 


Organic Metals 7 

In 1973, 88 it was shown that the molecular complex between 
tetrathiafulvalene ( 86, TTF, 'donor’) and tetracyano-p-quinodi- 
methane ( 87, TCNQ, ‘acceptor’) exhibited electrical conduction 
comparable to metals at low temperatures (~60°K). This obser¬ 
vation sparked an active search for other compounds of the same 
type with more favourable properties. Based on the theory of eleo- 
trical conductivity in such molecular complexes, attempts were made 


0=0 


Tetrathiafulvalene (TTF)CSfi) 




Hex am ethylene- 
tetraselenafuivalene(HMTSHQg> 


Tetracyanoquinodimethane (TCNQ) (£Z) 


to synthesize better donors and acceptors. Although TCNQ conti¬ 
nues to remain the acceptor par excellence, the best donor to date is 
hexamethylenetetra-selenafulvalene ( ??, HMTSF) and the search is. 
still on. 

While the initial enthusiasm for an Organic metal 9 has been 
somewhat dampened, it still continues to be an area of considerable* 
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interest and the focus has now shifted to doping of systems like 
polypyrroles, polyphenylene sulphides and polyacetylenes with 
various Lewis acids like arsenic and antimony pentafluondes.* 9 

Energy Storage Systems 10 

The rapidly diminishing reserves of fossil fuels have stimulated 
the search for alternative energy sources. These include geothermal, 
wind, biomass and solar energies. Amongst these, solar energy is a 
very attractive proposition due to its almost unlimited supply, 
especially in a country like ours which enjoys abundant sunshine. 
Solar energy can be converted to useful forms of energy in two 


Scheme H 



ref.71 




ref 72 


ref 73 



ref.74 


R =Me, Ph 
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different ways: by transforming it into electricity using solar cells 
and by storing it as chemical energy in certain energy rich organic 
molecules which can be induced to part with it on demand. Design 
of such systems which can reversibly store solar energy has drawn 
the attention of organic chemists m recent years. 

In order to make the storage of solar energy as chemical energy 
feasible, a number of criteria have to be met and these have been 
discussed elsewhere. From the view point of an organic chemist, the 
basic requirement is a system in which a molecule on photochemical 
excitation by solar energy is transformed into an energy rich second 
molecule in high yield and with good quantum efficiency and the 
latter in turn can be converted to the former essentially completely 
in a clean reaction accompanied by the release of the stored 
energy. Obviously, for the system to be a good storage unit, the 
difference in energy between the two molecules should be as large 
as possible. 

Some of the systems that have shown promising results are illus¬ 
trated in Scheme 14. 71 ' 7 * In each instance, a seco-cage molecule is 
converted to a cage compound on photochemical excitation, the 
energy absorbed by the molecule being stored as chemical strain 
energy in the cage structure. Unravelling of the cage structure to the 
starting compound (usually induced by acid or mild heating) simul¬ 
taneously releases the stored chemical energy as thermal energy. 
While the concept is a very simple one, a lot more research is 
necessary before a viable solar energy storage system based on the 
above principle can be developed. 


IV. New Synthetic Reagents 

The ability of the synthetic organic chemist to synthesize complex 
molecules is governed to a large extent by the reactions at his 
disposal. As the complexity of a molecular structure increases, so 
does the need for reactions which can execute the desired transfor¬ 
mations with a greater degree of stereo-, regio- and chemo-selec- 
tivity. In fact, the dividing line between the syntheses of complex 
molecules and devising new reactions is a very thin one, as the 
successful accomplishment of the former needs the latter and the 
versatility of the latter is measured by its application to the former. 
Therefore, the synthesis of molecules and the development of new 
reactions is a parallel exercise m organic chemistry. 



26 


G. MEHTA AND M. NAGARAJAN 


Numerous methods have been developed for carrying out reac¬ 
tions more effectively and efficiently as well. Due to limitations of 
space, attention will be focussed here mainly on silicon, palladium 
and selenium based reactions. The choice of reagents is entirely 
arbitrary and is dictated by the fact that they are very versatile and 
therefore of widest use and interest. Schemes 15,16 and 17 illustrate 
some of the reactions based on silicon, 7 * -80 palladium 81 ' 86 and 
selenium 87- * 1 containing reagents, respectively. In this context, it may 


Scheme 13 



phCOCl.ZnBr, 
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MeaSiCHaCl 
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be mentioned that boron based reagents which have made a tremen¬ 
dous contribution to organic synthesis still continue to attract consi¬ 
derable attention.' 1 New reagents involving transition metals like 
titanium and zirconium are also being increasingly used by organic 
chemists." 


3. New Synthetic Strategies 

In the previous section, some of the areas, specific target molecules 
and reagents of current interest and activity in organic synthesis were 
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discussed. The successful planning and execution of a synthetic 
scheme, in most cases, hinges on one or two key reactions These 
may involve either creation of complex carbo- or heterocyclic frame¬ 
works and/or generation of requisite functionality with attendant 
stereo and regiochemical control. The choice of the key steps, as 
part of the overall synthetic strategy, therefore, depends not only 
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on the target molecule but more so on the availability of the state- 
of-the-art methodology, reactions and reagents. Consequently, in 
every decade of the growth of organic synthesis certain strategies 
have occupied pre-eminent position and remained fashionable. Let 
us illustrate this point further by looking at the evolutionary profile 
of steroid synthesis.* 4 The marathon efforts of 1950’s that culminated 
in the first total syntheses of several steroids relied heavily on inter- 
molecular Diels-Alder reactions, Robinson annulation, Stobbe 
condensation, etc. as the key steps in generating the steroidal 
framework.* 4 However, steroid synthesis in the next two decades 
became much shorter, more stereo-discriminatory using contempo¬ 
rary strategies based on intramolecular Diels-Alder reactions,* 4 
cationic polyene cyclisations,* 6 intramolecular Michael additions, 
etc. and the approaches have been refined to such an extent that the 
tetracyclic steroid nucleus is now claimed to be accessible in a single 
pot operation!* 7 

In this section of our article, we discuss synthetic strategies that 
are dominating and stimulating the current synthetic efforts. Since 
such strategies are too numerous, m consonance with the thrust of 
organic synthesis over a wide front, we have made a conscious choice 
of those which in our opinion are versatile, conceptually novel and 
have a future. For convenient presentation, each strategy is discussed 
under a separate title with selected illustrations from recent litera¬ 
ture and only the key step in each case is highlighted. 

Intramolecular Diels-Alder and Related Reactions •* 

Ranking as one of the most useful of all reactions is the well 
known Diels-Alder reaction. Although reported for the first time 
over 50 years ago, various improvements and modifications over 
the years have ensured its continued popularity. A major advantage 
in this reaction is that the stereochemistry, and in some instances 
regiochemistiy of the product is clearly defined with respect to that 
of the starting materials, thereby making it possible to obtain a pro¬ 
duct of known stereochemistry. The intramolecular version of the 
Diels-Alder reaction from an acyclic precursor can accomplish the 
same thing and simultaneously generate a bicyclic system. Exploi¬ 
tation of this variation became possible only after the availability of 
methods for the stereospecific syntheses of olefins so that precursors 
incorporating both the diene and the dienophile moieties could ba 
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Scheme 18 
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readily assembled. A wide variety of suitable substrates has enabled 
the syntheses of various alkaloids, steroids, terpenoids and polycyclic 
hydrocarbons using this reaction. Closely related to the intramole* 
cular Diels-AIder reaction are the intramolecular dipolar additions 
of 2-oxyallyl-iron(II) 09 , species, nitrile oxides, 100 nitrones 101 and 
formamidineyhdes. 10 * 

In illustrating applications of these reactions to organic 
synthesis, some representative examples are shown in the Scheme 

18 »9-ios 


Directed Metallations 

The commercial availability of strong bases like the akyllithiums 
and lithium dialkylamides has revolutionized the practice of organic 
synthesis. It has now become possible to generate carbanions quan¬ 
titatively from very weakly acidic compounds with good selectivity. 
Aromatic systems can be readily metallated, especially with alkylli- 
thiums. The ease and selectivity of metallation is governed to a 
large extent by the choice of substitutents; thus groups like methoxy, 
methoxymethyl, secondary and tertiary amides, oxazolines, 
secondary and tertiary sulfonamides are among the many substi¬ 
tuents which direct the metallation to an ortho substituted pro¬ 
duct. 100 Such a process is of great synthetic utility as the common 
methods of introducing a substituent on to an aromatic ring are via 
an electrophilic substitution and the regiochemistry is governed 
largely by steric factors, making ortho substitution almost impossible 
or at best a minor pathway. Now, the heteroatom directed lithiation 
reaction is an important strategy and is extensively employed in 
organic synthesis. A few examples illustrating its use are given in 
Scheme I9. w - 109 

A second way of achieving directed metallation is via a metal- 
halogen exchange, the Grignard reaction being the best known 
example. Lithiations can be successfully realized using an alkylli- 
thium as the metallating agent, and since a variety of halides can be 
easily prepared, this reaction offers considerable synthetic latitude. 
Synthesis of daunomycmone by Swenton 40 through the reaction 
between a lithiated bisketal of a quione with 3-methoxyphthalic 
anhydride is one of the pleasing applications of this concept. Scheme 
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Scheme 19 
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Directed metallation can also be achieved by a transmetallation 
reaction The most common reactions of this type are exchanges of 
li thium for tin, selenium or silicon. While the reaction of lithium- 
silicon exchange has been known for a long time and applied for 
the regiospecific synthesis of lithium enolates, 111 the other two ex¬ 
change reactions are of more .recent vintage. As many tin and 
silicon compounds are readily available and the metallation can also 
be easily accomplished, a variety of interesting transformations can 
be brought about, some of which are shown in Scheme 21. 1W “ U# 
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Directed metallation can also be used for asymmetric synthesis, 
especially enantioselective alkylations of ketones as shown in Schemes 
19 and 20. Although the metallations discussed so far have been 
exclusively lithiations, directed metallations are possible with other 
metals as well, of which palladium is the most important, Scheme 

22,u*'U7 


Scheme 20 
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Acyclic Stereoselection 

Carbon-carbon bond formation plays a cardinal role in OS. Of 
the many reactions which are available for this purpose, perhaps one 
of the most widely used is the aldol condensation. In its most 
general form, the reaction involves the attack of a carbon enolate 
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Schem-e 21 
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on a carbonyl carbon, leading to the generation of a j9-hydroxy- 
carbonyl compound. If substituted precursors are employed, simul¬ 
taneous to the formation of the carbon-carbon bond, two 
asymmetric centres are also created. 

In the past decade or so, the isolation of complex natural pro¬ 
ducts like ionophore and macrolide antibiotics, with their bewil¬ 
dering stereochemistry, has led to renewed interest in the 
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stereochemistry of the aldol reaction as a method for setting up the 
chirality present in such molecules. This naturally involves not only 
a selection between erythro and threo products (diastereoselection). 
but also between two erythro diastereomers (enantioselection). In 
the following paragraph, the approaches to diastereoselective and 
enantio-selective processes are discussed. 

Conceptually, using a chair transition state as a reaction model, 
it is seen from Scheme 23 that a Z-enolate will give a product of 
erythro configuration. Similarly, an E-enolate will lead to a product 
with a threo configuration. 


Scheme 23 
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Thus, in order to ensure diasteroselectivity (predominance of 
erythro or threo product), the stereochemistry of reacting enolate 
should be Z or E, respectively. 118 This has been achieved in different 
ways via lithium, boron, zirconium and cadmium enolates as shown 
in the examples in Scheme 24. 119-U1 

The realisation of enantioselectivity is a more difficult proposition. 
In an ingenious solution to this problem, Heathcock has developed 
a method called double stereodifferentiation, wherein the enantiose- 
lective bias of the enolate is reinforced by that of the carbonyl 
compound via the application of Cram’s rule. 118 Enantioselective 
aldol condensations have also been realized by using a chiral enolate 
which is sterically demanding enough to provide the necessary 
chiral bias. Such approaches have been worked out by Still, 18 * 
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Scheme 2» 
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Masamune 110 and Evans, us and applied to natural product syntheses 
as illustrated m Scheme 25. 


Carbohydrates as Chiral Synthons 

One of the chief concerns in organic synthesis is the creation of 
chiral centres having the right absolute stereochemistry. In the 
earlier, more classical approaches, the standard technique was to 
effect a resolution on the racemic mixture and separate the enantio¬ 
mers using a diastereomeric relationship. Such a process, however, 
is a wasteful one, as half the material is of the wrong stereochemistry 
and all the effort put into its synthesis comes to nought. Therefore, 
in recent years, increasing attention is being paid to effect 'asymme¬ 
tric synthesis’ without any resolutions, by employing a chiral starting 
materia], reagent or catalyst. 111 Of these, the choice ef a chiral 
precursor is an attractive one, especially as Nature is very generous 
in providing us with a host of chiral, naturally occurring compounds 
such as carbohydrates, terpenoids, steroids, amino acids and the like. 


Scheme 23 
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Although syntheses have been devised using all of the above, 
carbohydrates as chiral precursors offer substantial advantages. For 
example, they are easily available at a very reasonable cost, have 
high stereochemical integrity and density of chiral centres, adopt 
conformations which are well studied and understood and finally are 
amenable to considerable functional group manipulation. 1 * 5 
Numerous syntheses have been devised from carbohydrates as start¬ 
ing materials and some examples are included in Scheme 26. W ’ U8 ’ 127 


Scheme 26 



Photochemical Reactions 

Our knowledge of the interaction of light (UV and visible) with 
organic molecules has increased tremendously in the past two 
and with it our ability to use photochemistry for organic synthesis. 



PERSPECTIVES IN ORGANIC SYNTHESIS 


39 


Photochemical reactions have many advantages They can be carried 
out at room temperatures or even below, show good stereo-, regio- 
and chemoselectivity and generally are ‘clean’ reactions. The 
commercial availability of preparative photochemical reactors makes 
it possible to carry out large scale runs efficiently. 

From a preparative view point in organic synthesis, the most 
important photochemical reactions are the (2+2) cycloaddition of 
olefins, 128 meta cycloaddition of alkenes to aromatic compounds, 128 
heteroatom directed photocylisations 130 and the various di-w-methane 
rearrangements. 131 The de Mayo reaction employs as its key step 
an olefinic (2+2) cycloaddition and has been used extensively in the 
synthesis of natural products. 118 Several interesting photochemical 
transformations are depicted in Scheme 27. It is worth pointing out 
that m many instances, photochemical reactions offer the easiest if not 
the only way to synthesize many strained and exotic molecules, 
exemplified by tetra-t-butyl-tetrahedrane ( 74 )m an< j dodecahedrane 
0 8 


Organometalhcs in Organic Synthesis 

Perhaps the most spectacular development in organic synthesis m 
the past decade is the extensive use of organometallic reagents to 
carry out with relative ease transformation almost impossible to 
achieve otherwise. Originally of interest in mechanistic studies and 
in physical organic chemistry, orgaaometallics have now established 
themselves as synthetic reagents of unsurpassed utility. 

Although organometallic reagents involving main group elements 
like lithium, magnesium, aluminium, zinc, cadmium, mercury and 
tin have been in vogue for a long time, the main advance m recent 
years has come from the transition metal based reagents, especially 
those containing titanium, iron, chromium, cobalt, nickel, copper 
and palladium. 98 The ability of the metal fragment in stabilizing 
both cationic and anionic organic ligands attached to it is largely 
responsible for the versatility of these organometallic reagents. Thus, 
for example, w-allyl complexes of palladium react readily with 
nucleophiles while some allyl compounds of iron react well with 
electrophiles. The aromatic ring, normally resistant to nucleophilic 
substituion, undergoes facile reaction with various nucleophiles when 
complexed with a chromium tricarbonyl fragment. 92 

In a series of exhaustive experiments, Vollhardt 188 and Pauson 184 
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Scheme 27 
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have shown the ability of some cobalt complexes to bring about 
cyclotrimerizations and cycloadditions, respectively. The chemistry 
of organocuprates is so well established today that it hardly needs 
any special mention. Scheme 28 highlights some of the unique trans¬ 
formations brought about by organomelallic reagents. 138-189 

Thermal Pericyclic Reactions 

A variety of chemical reactions proceed through what can be 
termed as ‘thermal processes’. Some of them are the well known 
Diels-Alder reaction, the Claisen rearrangement, the Cope rearrange¬ 
ment, the ene reaction and the electrocychc reactions of conjugated 
olefins. While all the above mentioned reactions are well known and 
have been in practice fora longtime, modifications and improve¬ 
ments are continuosly being made so as to improve their versatility. 
The intramolecular version of the Diels-Alder reaction is one such 
modification and has been considered m detail earlier because of its 
importance and popularity. Other useful variants include the tandem 
Cope-Claisen reaction 140 in which an unfavourable Cope rearrange¬ 
ment product serves as the precursor for a Claisen rearrangement 
thereby rendering the process irreversible; the anionic oxy-Cope 
rearrangement wherein a tremendous rate acceleration results on 
converting the precursor alcohol to an alkali metal alkoxide, prefer¬ 
ably that of potassium 141 and the metallo-ene reaction 149 ’ 148 in which 
a metal atom (magnesium) undergoes migration instead of a 
hydrogen as is usual in an ene reaction. Scheme 29. 140 ’ 148 ’ 144 

The total synthesis of the highly symmetric superphane molecule 59 
involves a sequence of thermal cydisation reactions to form the 
binding ethylene units, Scheme 30. An elegant example of the use 
of thermal electrocydic reactions is the total synthesis of novel 
natural products, endiandric acids by Nicolaou 148 Thus, the tetra¬ 
cyclic framework of endiandric acid A is generated m a single step 
with complete stereoselectivity at 8 chiral centres. Such is the power 
of thermal, orbital symmetry controlled electro-cyclizations when 
applied with ingenuity, Scheme 30. 


Reagent Design 

As pointed out earlier, development of new reagents is an 
integral part of organic synthesis. Here, in the last section on 
synthetic methodology, we focus attention on some general concepts 
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Scheme 29 
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which have wide applicability in organic synthesis and have served 
to systematize existing knowledge and to spur the quest for new 
reactions and reagents. Under this heading of reagent design, four 
main concepts will be dealt with: (i) functional group equivalents 
(including those based on umpolung or reversed polarity); 14 ® (if) 
protecting groups; 147 (iii) phase transfer reactions 14 ® and (iv) 
asymmetric synthesis. 1 ® 4 

(i) The concept of functional group equivalents has been m 
use for a long time. A simple example is the classical Gabriel reac¬ 
tion, in which the phthalimide anion functions as an equivalent of 
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the amide anion. Similarly, the reactions of an alkyl halide with a 
nucleophile and of the Grignard reagent derived from the same 
halide with an electrophile serve to illustrate the electrophilic and 
nucleophilic character of the same alkyl group, respectively, thus under 
lying the importance of the umpolung concept. The systemization of 
such ideas into a general concept is largely due to the pioneering 
work of Corey and Seebach 119 on the chemistry of 1,3-dithiane and 
its derivatives. Today, numerous examples are available as func¬ 
tional group and umpolung equivalents for a wide variety of 
transformations and some of them are shown in Scheme 31. 1 ® 0-188 


Scheme 30 
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These equivalents play a significant role in organic synthesis as they 
make possible the successful execution of reactions which would not 
be feasible under normal circumstances due to incompatibility of 
reaction conditions and reagents. 

(it) Organic synthesis today deals mainly with polyfunctional 
molecules and any attempts at their total syntheses must be planned 
in such a manner that the most compatible functional group present 
in the molecule (to subsequent transformation) is introduced first 
and the least compatible last. Although such a logical sequence of 
reactions is the ideal approach, it is not always realisable in practice. 
As a consequence, functional groups likely to be affected by & 
particular reaction need to be ‘protected’ during that reaction and 
then ‘deprotected’ after the reaction. The recognition of such a need 
has resulted in the development of an extensive range of protecting 
groups for different functional groups, each of them differing m their 
ease of introduction and removal, as well as the degree r of protection 
offered. An exhaustive survey of this rapidly growing area is outside 
the scope of this article as even monographs sure available on the 
subject. 147 
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(lit) The main difficulty in the use of inorganic reagents in 
organic synthesis is the insolubility of many of them in organic 
solvents and that of the organic substrates in water. One method of 
overcoming this difficulty is the use of polar aprotic solvents like 
dimethyl sulfoxide, dimethylformamide, acetonitrile and hexamethyl- 
phosphoramide A second technique is to use a phase transfer 
catalyst (PTC), which has the capacity to ‘transfer’ the inorganic 
reagent from the aqueous phase to the organic phase. Thus, it is 
now possible to dissolve potassium permanganate in benzene or 
sodium hydroxide m chloroform and many reactions which could 
once be carried out only in non-aqueous media can now be readily 
performed in water, thanks to PTC. 

Two types of phase transfer catalysts are avilable. Crown ethers,* 
cryptands ® 3 and their derivatives belong to one category and their 
mode of action is by complexation of the metal ion by the crown 
ether and then its transfer to the organic phase as a hydrophobic 
aggregate. Thus, due to the break up of solvation in the aqueous 
phase and formation of ion pairs in the organic phase, the reagent 
is transferred to the organic phase. The second variety of phase 
transfer catalysts are mainly quaternary ammonium and phospho- 
nium salts containing long chain aliphatic groups and occasionally 
aromatic rings as well 148 These compounds have a hydrophilic 
‘head’ and a hydrophobic ‘tail’ and therefore distribute themselves 
at the interface of the two phases and serve to bring together the 
inorganic reagent and the organic substrate to the interface where 
reaction can occur. 

The main advantages of phase transfer catalysed reactions are the 
simiplicity and mildness of reaction conditions. A very wide variety 
of organic reactions are amenable to phase transfer catalysis and the 
list is growing almost every day. Although crown ethers and cryp¬ 
tands are fairly expensive reagents, truly catalytic quantities are 
sufficient The quaternary ammonium salts, on the other hand, are 
quite inexpensive and readily available and should find wide appli¬ 
cation m industrial processes. 

(tv) Asymmetnc synthesis, or the preparation of optically active 
compounds directly without recourse to resolution of a racemic 
intermediate is one of the fast developing areas in organic synthesis. 
Certain aspects of asymmetric synthesis (eg. use of carbohydrates as 
chiral precursors and lithiation of optically active compounds) have 
been dealt with earlier. In this section, some other features of 
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asymmetric synthesis will be discussed. These can be broadly classi¬ 
fied as asymmetnc reductions, asymmetric epoxidations and 
asymmetric additions. 

The reduction of unsymmetrical ketones to chiral secondary 
alcohols is a process which has been extensively studied. A fairly 
general method consists in modifying lithium aluminium hydride to 
a chiral reducing agent by complexation with different optically 
active ligands and some typical examples 1 * 4 " 1 *' are given in Scheme 
32. 


Scheme 32 
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Very closely related to the carbonyl group reduction is the 
asymmetric reduction of trisubstituted carbon-carbon double bonds. 
Such a reaction is of great interest as it can be used to synthesize 
chiral amino adds of either configuration, using a single olefinic pre¬ 
cursor. Rhodium catalysts containing optically active phosphine 
ligands are very efficient m this type of a hydrogenation and the 
enantioselectivity is very high. As the catalyst can be recovered 
and reused, a small quantity of the catalyst is sufficient. Enantio¬ 
meric selectivity is controlled by the chirality of the ligand. 157 A 
process for the commercial manufacture of L-dopa (a drug for 
treatment of Parkinson’s disease) using this method has been deve¬ 
loped, Scheme 33. 


Scheme 33 



An asymmetric epoxidation of tremendous potential was recently 
discovered by Sharpless. 158 Treatment of an allylic alcohol with a 
reagent mixture containing t-butylhydroperoxide, titanium tetraiso- 
propoxide and diethyl tartarate leads to the formation of an epoxy 
alcohol whose configuration is dependent on the chirality of the 
tartarate ester used. The selectivity are better than 95 per cent or 
the asymmetric bias is > 19:1. As all the reagents are readily 
available and inexpensive, this method is an important advance in 
asymmetric synthesis and has been used in the synthesis of 
Tifamycin S* 8 and of all possible pentoses and hexoses. 158 Some 
examples are given in Scheme 34. 

The introduction of a substituent with chirality at the oc-position 
of an aldehyde or carboxylic acid is a very useful process. Three 
methods are available to do this and all of them use a chiral hetero- 
oycle as a template to provide the necessary asymmetric bias to the 
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reaction, usually involving addition of nucleophile. The heterocyclic 
template is then removed and recovered, so that it can be reused. 
Thus Meyers, 110 Elid 140 and Mukaiyama 100 have employed an 
oxazoline, an oxathiane and a pyrrolidine as the asymmetric hetero¬ 
cyclic template, respectively. The use of this methodology m 
asymmetric synthesis is exemplified in Scheme 35. 


4 . The Indian Scene 

Synthetic organic ohemistry has been practised in India as a serious 
scientific endeavour for over half a century. Inspite of this long 
period of activity and the fact that organic chemists enjoy numerical 
superiority among the scientists in India there is very little synthetic 
chemistry of international standards being done here at the moment. 
The memories of some worthwhile synthetic chemistry done in our 
country in the 1930-60 period in the area of naturally occurring 
coloring matters, synthetic dyes, steroids and terpenes have already 
faded. The 1960-80 interregnum was by and large a disappointing 
period for synthetic organic chemistry and barring a few exceptional 
efforts in terpene and alkaloid synthesis, most of the work emanating 
from our laboratories was directed towards making more and more 
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compounds without any new idea or novelty behind them. This was 
the time when synthetic organic chemistry was beginning to make big 
strides all over the world and we seemed to have missed the bus. 
Our bleak portrayal of the state of organic synthesis in India is 
based on our incisive analysis and is supported by considerable data 
that we have collected. It should suffice here to quote the citations 
mentioned from work done in India, by Fieser and Fieser, 33 a work 
universally used and referred to by synthetic organic chemists. On 
scanning nearly 20,000 references cited in the 10 volumes (1967-82) 
of Fieser and Fieser, we found that contributions from India 
accounted for less than 0.5 percent. The trend is quite unmistakable, 
even alter granting that the compilation by Fieser and Fieser may 
not be wholly objective. 
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However, there is a silver lining in this dismal scenario. In the 
past 2 years or so, synthetic activity in several laboratories across 
the country has shown signs of recovery. Synthetic projects aimed at 
the total synthesis of complex polycyclic terpenoids, steroids, anthra- 
cychnes, pheromones, polypeptides, platonic hydrocarbons and 
development of new reagents are being energetically pursued. A few 
of these are clearly state-of-the-art efforts. It is our sincere hope that 
this perspective will inspire at least a few organic chemists to under¬ 
take work on more challenging and purposeful synthetic objectives. 

5. Conclusion 

In the foregoing narration, we have tried to illuminate how the 
challenges posed by the 'diabolic concatenation of reactive group¬ 
ings’, the 'plethora of asymmetric centres’, the 'repetitious 
monstrosities’ and the 'very fugitive’ 1 * 1 have been convincingly 
met. Indeed, developments in organic synthesis in the past few 
decades have been truly spectacular. So far so good, but, what about 
the future? Which way would OS continue its triumphant march? It 
is not possible to answer these questions with complete precision but 
one can expect future developments on the basis of certain trends 
that are already emerging. 

To begin with, there is little doubt that for the purist, the artist, 
the prime motivation for synthesis will be the intellectual challenge 
and urge to create complex molecular arrays. As Nature continues 
to unravel her inexhaustible repertory, in the form of novel struc¬ 
tures from hitherto unexplored sources like marine, insect and 
animal worlds, new synthetic targets will continue to emerge 
(e.g., fid) 142 and we will witness more and more total syntheses on a 
grand scale. It may be added here that increasing applications of 
methods of artificial intelligence 1 ** in analysing synthetic problems 
will complement the mind's efforts in the planning and execution of 
synthetic ventures. 

There have been some startling discoveries in the field of mole¬ 
cular biology m the past few decades. These developments have 
influenced the thinking of synthetic organic chemists in a significant 
way. As a result, efforts have been directed both towards the 
synthesis of biopolymers particularly proteins, nucleotides, hormones, 
etc. and towords simulating their biological functions with synthetic 
analogues. It is this latter area that is going to engage a great deal 
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of attention in conning years. Synthetic chemists will have to address 
themselves to the task of designing compounds which would not 
only exhibit the selectivity, efficiency and speed of enzymes but 
whose reactions could be carried out at ambient temperatures and m 
aqueous media. Mounting energy costs and depleting fossil fuel 
reserves only underscore the need for greater thrust in this area. We 
believe study of organic reactions on solid matrix through immobi¬ 
lized reagents and in aqueous media using micellar aggregates will 
become increasingly popular. 

Finally, synthetic studies on consumer products like pharmaceuti¬ 
cals, fine chemicals, flavours and pesticides will continue to receive 
attention, particularly in developing countries, as cheaper and effi¬ 
cient methods of synthesis are sought. In this regard, more and more 
use of renewable, abundantly available natural products as synthons 
(e.g. conversion of A 8 *carene to menthol and pyrethroids ) 164 and 
chemicoenzymatic approach to synthesis (possible conversion of 
penicillins to thienamycins and cephalosphorins ) 166 will be pursued. 
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